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ANHYDROUS AMMONIA DISTRIBUTION 
DURING FIELD APPLICATION
H. M. Hanna,  M. L. White,  T. S. Colvin,  J. L. Baker
ABSTRACT. Poor knife–to–knife distribution observed in stationary tests is a concern because it may reduce efficiency of use
and even lead to intentional over application of nitrogen (N) applied as anhydrous ammonia. To determine the magnitude
of this problem we measured ammonia distribution by conventional, Vertical–Dam, and Cold–flo manifolds and flow
division by a pipe tee during field applicator operation with ammonia flows from each port caught in water. Due to limitations
of the manifolds and regulator, flow variability due to knife style and condition was determined in a stationary test using water
instead of ammonia.
Port–to–port variability was less for a Vertical–Dam manifold than a conventional manifold at a 56–kg N/ha (50–lb
N/acre) application rate, but similar for both manifolds at application rates of 112 and 168 kg N/ha (100 and 150 lb N/acre).
The Cold–flo manifold also had similar variability to the other two manifolds at the 112–kg N/ha (100–lb N/acre) rate.
Ammonia exiting individual outlet ports was typically 10 to 20% from the mean application rate with highest port flow 150 to
250% of lowest port flow.
Statistically, manifolds had the greatest ammonia output from ports across from incoming flow, intermediate output from
ports behind incoming flow, and least output from ports on either side of the manifold midway between these regions. A straight
entry pipe did not improve distribution for a conventional manifold. A pipe–tee divided flow evenly, with only an average 2.4%
flow difference. Different knife styles had different flow rates suggesting knives, particularly new ones, should be carefully
inspected and matched on the applicator.
Keywords. Anhydrous ammonia, Applicators, Fertilizer, Nitrogen, Precision agriculture.
nhydrous ammonia is the most widely used form
of N application. Comparing fertilizer usage by
source, in the United States during both 1996 and
1997, anhydrous ammonia supplied 3.7 billion kg
(8.1 billion lb) of N to U.S. crops while the next most popular
source, N solutions, supplied just 2.8 billion kg
(6.1 billion lb) of N (Terry and Kirby, 1997). At a cost of
$294/Mg ($267/ton) of anhydrous ammonia, improved
application equipment that reduced use in the United States
by 5% would result in direct savings of $65 million annually
for crop producers.
To control production costs and in response to environ-
mental concerns, farmers have halted a long–term movement
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of increasing N application rates (Berry, 1992). Still, because
of uncertainty due to possibly poor fertilizer distribution by
application equipment, many producers consider some over
application.  Even equipment operators using applicators
with electronic feedback controllers to monitor total anhy-
drous ammonia flow into the distributor tend to over apply a
target rate, perhaps as insurance in recognition of overall
equipment limitations. In Nebraska, Weber et al. (1995)
reported that just 59% of anhydrous ammonia applicators
using controllers and only 27% of those applicators using
variable–orifice  regulators were within 5% of the target
application rate when total tank weight was compared to
applied acres for each loaded tank. In fact, all applicators
using the more advanced feedback controllers that were
outside their target application rate over applied the target
rate by 5% or more.
In addition to concerns for errors in the overall application
rate, there is concern for port–to–port variability in manifold
flow. Outputs from outlet ports on a conventional anhydrous
distribution manifold have been reported based on static
tests. In a demonstration reported by Reichenberger (1994),
a manifold set for 157–kg N/ha (140–lb N/acre) application
rate and operated at 360 kPa (52 psi), the application rate
varied from +40 to 26% of the target rate. Variation among
outlet ports of this manifold at a lower application rate was
even greater, +132 to 52%. In a second demonstration, Fee
(1997) found three to four times as much anhydrous ammonia
exiting some knife outlets as others. Schrock et al. (1999), in
a series of replicated tests, found the ratio of maximum to
minimum output from outlet ports for a conventional
A
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manifold to be in a range of 1.7 to 1.9 depending on the
number of outlets used.
Fee (1997) reported the Vertical–Dam manifold (Conti-
nental NH3 Products Company, Inc., Dallas, Tex.) was a
typically improved distribution, but still resulted in a
two–to–one variation across knives. Schrock et al. (1999)
found the Vertical–Dam manifold produced about half the
distribution variability of a conventional manifold. Schrock
also tested a system using a single pulse–width modulation
(PWM) valve for metering ammonia flow from the tank into
a conventional multi–port distribution manifold (Schrock
et al., 1999) and a multi–point PWM system using multiple
PWM valves at the outlets of the conventional manifold to
meter and distribute flow (Schrock et al., 2001). Flow rate
through a PWM valve was controlled by the duty cycle of the
valve. Distribution variability of the single PWM in place of
a regulator was comparable to that of the Vertical–Dam
manifold; however, distribution by the multiple PWM
system was improved with lateral (port–to–port) coefficients
of variation in the range of 5 to 10% when PWM valve duty
cycles were greater than 10%.
Most tests comparing outlet port variability on ammonia
distribution devices have been done with equipment parked
or stationary (Kranz et al., 1994; Reichenberger, 1994; Fee,
1997; Schrock et al., 1999, 2001). During field application,
machine movement and vibration of the distribution system
may affect turbulence inside the distribution chamber.
Another problem may be that depending on the length of test
and thermal mass of the manifold, the manifold may not have
cooled to a typical operating temperature, thus affecting the
ratio of gas and liquid that is distributed. In addition, other
devices such as the low pressure “Cold–flo” distributor
(Golden Plains Agricultural Technologies, Colby Kans.) or a
pipe tee are used to distribute or split anhydrous ammonia
flow, respectively, on application equipment. Although flow
is divided in the distribution manifold, variation in down-
stream hydraulic parameters of such items as injection knives
may also affect flow.
OBJECTIVES
Experiments were conducted to measure distribution of
flow rates during field application with the following
objectives:
1. To determine distribution variability of a conventional
anhydrous ammonia distribution manifold, a
Vertical–Dam distribution manifold, and a Cold–flo
distribution device at three total N application rates.
2. To determine if a straight–entry pipe into a conventional
manifold reduced distribution variability as compared to
using a 90°–pipe elbow for manifold entry.
3. To determine how evenly a pipe tee divides flow at two
different application rates.
In addition, a stationary experiment with water was used
to determine flow variability of different anhydrous ammo-
nia knife designs.
METHODS AND MATERIALS
MANIFOLD DISTRIBUTION
Distribution manifolds were configured to allow distribu-
tion through 11 distribution outlet ports for an 11–knife
applicator. The conventional manifold (Continental NH3
3497) had spaces for 14 outlets with 6.4–mm (0.25–in.)
female pipe thread (FPT) connections. Hose barbs, 6.4–mm
(0.25–in.) male pipe thread (MPT) and accepting 9.5–mm
(0.38–in.) diameter hose, were used in 11 outlets and the three
remaining, evenly spaced outlets were plugged. The Verti-
cal–Dam manifold (Continental NH3 Products) used 11–out-
let distribution rings and manifold housings suggested by the
manufacturer for each application rate. For the lowest
application rate, a MVD housing was used with a
“LG:18”=130#N/acre”  model ring. For the middle and
highest application rates a SVD–01 housing was used with a
“R–152/3–98 Cotton” model ring and a “Corn:30”=75#N
min/acre” model ring, respectively. The Cold–flo system
used a Cold–flo “system 16 #20340” model canister and
separate 16–outlet distribution manifolds for ammonia liquid
and ammonia vapor. Unused outlets were spaced as evenly as
possible on the manifold. Outlet hoses were connected in
order sequentially counterclockwise around each manifold
as viewed from above. The outlet for knife one on the left end
of the applicator (facing forward) was always at a position of
260° (clockwise) when viewed from above (0° was the
direction of travel). In this manner, the location of distribu-
tion outlets was able to be determined relative to input flow
into the manifold assembly.
A three–point hitch mounted anhydrous ammonia appli-
cator (Case–DMI, Goodfield, Ill., model 3250) was config-
ured for application by 11 knives. The ammonia distribution
system of the applicator was modified by inserting a pipe tee
connection in each distribution line downstream from the
distribution manifold and just above the knife it fed. Each
downstream side of the tee was connected to a 12.7–mm
(0.5–in.) diameter ball valve. Hoses directed flow from one
of the valves to the subsurface application knife and from the
other valve to a collection container. The two valves at each
tee connection were connected to a pneumatic control system
such that flow could be simultaneously redirected away from
all injection knives to individual collection containers for a
given period of time and then back again to injection knives.
Hose length from the manifold to each valve assembly was
4.42 m (174 in.). Hose length from the valve assembly to each
collection container was 1.02 m (40 in.) for all 11 distribution
lines. Hoses and hose barbs [6.4 mm (0.25–in.) MPT] used in
the distribution system downstream from the manifold were
9.5 mm (0.38 in.) for the conventional and Vertical–Dam
manifolds. In order to reduce back pressure for the Cold–flo
manifold, 12.7–mm (0.5–in.) hose is recommended and was
used from the manifold to the valve assembly; however,
9.5–mm (0.38–in.) hose was used downstream from the valve
assembly. Because only one set of 11 valve assemblies was
available to measure distribution and a majority of ammonia
is applied as a liquid by the Cold–flo system, only the liquid
phase of distribution was measured. Treatments were a
factorial combination of three manifolds and three applica-
tion rates [56, 112, and 168 kg N/ha (50, 100, and
150 lb N/acre)]. A regulator (Continental 4103) was adjusted
for tank pressure and ambient temperature to achieve these
application rates as closely as possible. The regulator was
mounted above the Cold–flo canister and at the same height
immediately  upstream from the conventional or Vertical–
Dam manifolds.
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PIPE TEE
To determine how evenly a pipe tee divides flow,
plumbing on the applicator was slightly modified. Down-
stream from the regulator, 25.4–mm (1–in.) pipe and hoses
and a 25.4–mm (1–in.) pipe tee were used to divide flow
going into two separate conventional manifolds and distribu-
tion systems on the left or right sides of the applicator. All
hose, manifold, valve, and other plumbing connections were
identical in size for both distribution systems. Flow entered
the pipe tee through a horizontal, 254–mm (10–in.) long pipe
nipple. The horizontal pipe tee was oriented with exits to the
front and the rear of the applicator. Treatment A consisted of
the left manifold distribution system connected to the rear of
the tee and right manifold distribution system to the front of
the tee. In treatment B, the connections were reversed. Thus
each exit side of the tee was alternately connected to each
distribution system (left or right). Each manifold distributed
flow to five knives with unused outlets spaced as evenly as
possible around the perimeter of the manifold. Each treat-
ment was replicated three times at two application rates,
84 and 168 kg N/ha (75 and 150 lb N/acre).
FIELD DATA COLLECTION SYSTEM AND ANALYSIS
The collection container used for each outlet was a 19–L
(5–gal) plastic bucket sealed on top with a rubber–compres-
sion–gasketed lid. A quick–coupler fitting attached by
stainless steel cam arms was used to attach the collection hose
at the bunghole of the bucket. A 12.7–mm (0.5–in.) diameter
polyvinyl chloride (PVC) pipe attached at the bunghole
extended down into the bucket to within 25.4 mm (1 in.) of
the bottom and was capped on the end. Two holes, equal in
size to each of the two outlet orifices on an application knife
were drilled near the bottom of the pipe to allow entry of the
ammonia into the water. A small hole equal in cross–section
to the outlet orifices at each knife was drilled in the lid for
venting. Buckets were always aligned on the applicator to
correspond with a specific distribution outlet and shank
(left–to–right across the applicator). Buckets were filled and
emptied by removing a cap from a second bunghole.
Collection buckets were filled approximately half–full
with water [about 11 kg (25 lb)] to capture the ammonia.
Although water may hold up to a 35% solution by weight of
ammonia, in order to reduce vapor pressure of the ammonia
in the headspace above the water to approximately atmo-
spheric pressure, it was desired to keep ammonia concentra-
tions below 10%. Because of anticipated outlet variations,
collection times were adjusted to collect an average of about
0.5–kg (1–lb) anhydrous ammonia. This procedure limited
the maximum ammonia content of the water to less than that
reported by Kranz et al. (1994) or Schrock et al. (1999).
Application plots were arranged in the field as a
randomized complete block with three replications of each
treatment.  Most plots were 0 to 3% slope with the travel
direction roughly perpendicular to slope contour.
Ammonia flowed via a 31.8–mm (1.25–in.) hose from the
nurse tank, through a quick–release coupler and regulator to
the distribution manifold [25.4–mm (1–in.) hose was used
between the regulator and Cold–flo manifold or pipe tee].
A 9.5–mm (0.38–in.) hose tapped into the supply line directly
upstream from the manifold was connected to a pressure
gauge (on the control trailer following the tank) to measure
manifold pressure. An operator riding on the trailer recorded
tank pressure, manifold pressure, and operated the pneumatic
valves to re–route flow to the collection buckets for a specific
time period.
Collection times were adjusted based on the application
rate to collect an anticipated average of 0.3 to 0.5 kg (0.7 to
1.1 lb) of ammonia. Plot length of 64 m (210 ft) was used to
allow adequate collection time for lower application rates at
the 8–km/h (5–mph) applicator travel speed used for all
treatments.  Before each application, a manifold was operated
for a short period of time to cool it, and its operating
temperature was checked immediately prior to testing with
an infrared thermometer. Buckets were weighed in the field
before and after plot application to within 0.002 kg (0.005 lb)
within 10 minutes of filling to determine the amount by
weight of ammonia collected from each outlet.
Because anhydrous ammonia is a hygroscopic compound
that can cause caustic burns, safety equipment was worn by
those people working anywhere in the vicinity of collection
buckets and applicator. This equipment included unvented
goggles, long rubber gloves, and long–sleeved clothing and
pants. Emergency water dispensers were mounted on the
application equipment, and a livestock tank full of water was
placed near the measuring site for emergency immersion. In
addition, a respirator with ammonia cartridges was worn at
all times by the valve operator and by other workers when
conditions warranted. Whenever the applicator moved from
a plot to the centralized bucket weighing area, the main tank
supply valve to the applicator was closed.
In addition to coefficient of variation, three other
measures of variability among outlet outputs were computed.
Average outlet difference is the average of the absolute
values of the differences in kg (lb) NH3 of all outlet outputs
from the mean outlet output of all outlets for a particular test
plot. The average percentage outlet difference is the average
of the absolute outlet output differences from the mean outlet
output expressed as a percentage of the mean outlet output for
a particular test plot. Maximum difference is the ratio of the
ammonia weight from the outlet with the greatest output to
the outlet with the least output for a particular test plot.
Statistical analyses of variance were used to evaluate data
and least significant differences were used to highlight where
there was a 95% probability that treatment differences were
statistically significant (95% confidence level).
For further analyses, the manifold was divided into three
regions based upon the direction of the incoming ammonia
flow in the horizontal line immediately before the manifold
(fig. 1). Outlet ports across from the horizontal–line entry
point with incoming flow directed most nearly towards them
(i.e. perpendicularly to the plane of the outlet hole) from the
10 to 2 o’clock positions (fig. 1) were designated as across
from the entry point (across). Outlet ports with incoming flow
directed most nearly perpendicularly away from them, from
the 4 to 8 o’clock positions were designated as behind the
entry point (behind). Outlet ports most nearly parallel to the
incoming flow direction and closest to midway points (from
the 2 to 4 o’clock positions and 8 to 10 o’clock positions)
between the across and behind groups were designated as
midway. The three regions were equal arcs of 120° around the
manifold perimeter (two 60° arcs for the midway region). For
the conventional manifold, flow from the regulator was
routed through a 25.4–mm (1–in.), 90°–pipe elbow attached
directly to the manifold entry. Regions of the conventional
manifold (across, behind, midway) were determined by
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Figure 1. Manifold (conventional) with incoming flow from 6 o’clock
position. Manifold regions are “across” (10 to 2 o’clock), “behind” (4 to
8 o’clock), and “midway” (2 to 4 o’clock and 8 to 10 o’clock).
considering incoming flow before redirection by the pipe
elbow (fig. 1).
An equal number of outlets from each region of each
manifold (across, behind, midway) were grouped into
treatments for further analysis. A statistical analysis of these
three groups of outlets was based on a split design with the
main treatments consisting of all the combinations of
manifold type (or routing of hoses in the pipe tee experiment)
and application rate and the split treatments consisting of the
three groups of outlets, across, behind, and midway.
MANIFOLD ENTRY
Following the initial experiment comparing manifold
styles, a further experiment was conducted comparing
distribution from two manifold entry methods (elbow and
straight) into the conventional manifold. For the straight–
entry treatment, flow from the regulator was routed through
a 25.4–mm (1–in.), 90³–pipe elbow before entering a
254–mm (10–in.) long, 25.4–mm (1–in.) pipe nipple at-
tached above the manifold entry. Regulator height on the
applicator was raised for this second treatment so that the
manifold and all downstream distribution hoses would be
kept at the same elevation. This testing was done at two
application rates, 84 and 168 kg N/ha (75 and 150 lb N/acre),
for each of the two entry methods.
KNIFE FLOW
To test the flow effects of various knife styles a separate
experiment was conducted using water. Three sets of new
knives and six sets of used knives from existing application
equipment were collected. A knife style or set was defined as
either visually appearing to be knives of the same design or
style, or else knives that had been used as a group on a single
applicator. Seven additional knife sets and styles were also
collected from the Iowa State University Agricultural
Engineering Research Center. Table 1 gives a summary of the
different knife styles tested.
To isolate the flow through an individual knife from the
influence of a manifold distribution system and/or significant
length of hose, only one knife was tested at a time. Because
of the safety hazard and difficulty of metering a small
ammonia flow to an individual knife, and difficulty in
providing consistent amounts of gas versus liquid to the knife
at a specific pressure, liquid water was used as the testing
fluid.
Table 1. Anhydrous ammonia knives tested.
Knife Style
New or
Used
No. of
Orifices
Bends
in Tube Heel[a]
Vapor
Tube[b]
Beaver
Tail[c] Part No.[d] Additional Notes
A Used 1 Yes Yes
B Used 2 Center mount
C Used 2 2 Center mount, long tube
D New 1 Yes HASD8
E New 1 Wiese, extra thin
Eb New 1 Knife “E” before deburring
F Used 2 3 of 9 Flattened tubes, F4 was different knife
G Used 2 Yes ACE DS151 Worn tubes, very used
H New 2 Yes Yes APK Davis All Purpose Knife, 550 on knife
   bottom, narrowly open at bottom of heel
I Used 2 (1) Yes Mixed set, mostly two orifice[e]
J Used 1 Yes Yes DMI Tuff One II With dry fertilizer tube
K Both 1 Yes Yes Yes DMI Tuff One II
L Used 2 1 Nichols N–15 Very used, bend at bottom
M Used 1 Harlan Rear orifice exit
N Used 1 Yes Diamond Star Pro Tech Cold–flo knife, “9” stamped on bottom
O New 2 Kimberly knives
P Used 1 Yes Yes MAG
[a] Heel is small square attached at bottom of fertilizer tube.
[b] Vapor tube is secondary fertilizer tube for ammonia vapor.
[c] Beaver tail is flat section shaped like a beaver’s tail and attached to knife above fertilizer outlet. It is used to help seal soil.
[d] Part no. or manufacturer listed if stamped on part.
[e] Mixed set; knives 1, 5, 6, 7, 8, 9 were APK550; knife 3 marked Adams; knives 2 and 4 visually matched without part number.
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A test stand supplied water at a known pressure to the
knife. Knife water pressure was measured by a pressure
gauge immediately upstream of the knife. A short length of
hose, 460 mm (18 in.), separated the pressure gauge and knife
so that knives could be quickly changed using a hose clamp.
During testing, a knife was mounted so that the exit orifice(s)
projected into a 9.5–L (2.5–gal.) container. A Plexiglas lid
with slot opening for the knife was used to prevent water from
splashing out of the container during a test. The container
rested on an electronic scale to weigh additions of water.
Prior to testing, each knife was cleaned by running a wire
back and forth several times through the open tube. All knives
were individually tested at four pressures, 28, 41, 55, and
69 kPa (4, 6, 8, and 10 psi). The weight of water added to the
container during 10 seconds of flow was recorded as knife
output.
Replications were accomplished by individually testing
several knives of that style at random times during the
experiment.  The number of replications for each knife style
equaled the number of knives tested of that style.
For each knife, the flow rates at the four different pressures
were used in a logarithmic transformation to fit the data to a
flow versus pressure relationship. Although during field
application pressure at the knife is influenced by system
pressure, ambient temperature, and application rate, the flow
rate at 34 kPa (5 psi) was arbitrarily used to compare the
knives. For those knife styles with five or more knives tested
(i.e. five or more replications), a mean flow rate for that style
and 95% confidence interval of the mean was determined
using a pooled variance from all the knives tested.
RESULTS AND DISCUSSION
MANIFOLD TYPES AND VARIABILITY 
OF INDIVIDUAL OUTLETS
Because manifolds are used over a range of application
rates, results are presented for each manifold at each
application rate. Average tank and manifold pressure, and
application rate into collection buckets for each treatment are
listed in table 2. Because only liquid (without vapor) was
collected in the Cold–flo treatments, the collection rate was
Table 2. Tank and manifold pressure and nitrogen application 
rate during treatments with various manifolds.
Tank Pressure
Manifold
Pressure[a]
N Application
Rate[b]
Treatment kPa psi kPa psi kg/ha lb/acre
56 kg/ha (50 lb/acre)
Conventional 770 111 80 12 48 43
Vertical–Dam 830 120 230 34 49 44
Cold–flo 670 97 30 5 33[c] 29[c]
112 kg/ha (100 lb/acre)
Conventional 750 109 200 29 112 100
Vertical–Dam 850 124 300 44 104 93
Cold–flo 860 125 100 14 76[c] 68[c]
168 kg/ha (150 lb/acre)
Conventional 740 107 280 40 170 152
Vertical–Dam 860 125 340 50 167 149
Cold–flo 720 104 170 24 129[c] 115[c]
[a] Pressure measured immediately upstream of flow into manifold.
[b] Application rate as measured into collection buckets.
[c] Measured liquid (without vapor) application rate only for Cold–flo.
lower than the total rate of ammonia flowing through the
regulator. Liquid application of the Cold–flo treatment
during the collection was 71% of the ammonia application of
the conventional and Vertical–Dam manifolds. Although
temperature readings indicated the manifold was cooled to
near the boiling point of ammonia at atmospheric pressure
[–33°C (–28°F)] heat transfer from the applicator in addition
to adiabatic heat transfer within the ammonia may have
caused vapor production to be greater than the expected 15%.
During data analysis after field experimentation, a check
of data from the individual treatment plots indicated that the
flows through two of the outlets of the Cold–flo system
were consistently extremely low (20 to 35% of the expected
average) during the low and high rate applications. It was
suspected that a metal flake or other piece of foreign material
could have been responsible for this phenomenon. After
testing, the manifold was removed and inspected and hoses,
hose barbs, and valves on the two suspect outlets were
inspected and/or removed; however, no foreign material was
detected.  Although no blockage was found, because of
consistently low flows at these two outlets for the Cold–flo
system at the low and high application rates, data from these
applications were not further analyzed and the Cold–flo
system data were not used in statistical analyses comparing
the conventional and Vertical–Dam manifolds.
Results for variability among outlet distribution are listed
in table 3. Although average outlet difference appears to be
less at lower application rates, less total ammonia was
collected at the lowest application rate. At the lowest
application rate, average outlet difference, average percent-
age outlet difference, maximum difference, and coefficient
of variation for the treatment using the Vertical–Dam
manifold were statistically less than for the treatment using
the conventional manifold. Results from this experiment
indicate that at the 56–kg N/ha (50–lb N/acre) application
rate the Vertical–Dam manifold had less variability in outlet
distribution than the conventional manifold. At application
rates of 112 and 168 kg N/ha (100 and 150 lb N/acre) there
was no statistical difference in variability between the
Table 3. Anhydrous ammonia output variability of 
manifold outlets on an 11–knife applicator.
Avg. Outlet
Difference, NH3[a]
Avg. %
Outlet Maximum
Coefficient
of Variation
Treatment (kg) (lb) Diff.[b] Diff.[c] (%)
56 kg/ha (50 lb/acre)
Conventional 0.059a[d] 0.129a 23.4a 3.00a 31.3a
Vertical–Dam 0.030b 0.067b 12.2b 1.61b 14.5b
112 kg/ha (100 lb/acre)
Conventional 0.058 0.127 12.5 1.71 17.2
Vertical–Dam 0.058 0.127 13.3 1.61 15.9
Cold–flo 0.045 0.099 15.5 2.31 24.1
168 kg/ha (150 lb/acre)
Conventional 0.060 0.132 13.2 1.84 17.8
Vertical–Dam 0.074 0.164 16.6 2.19 21.0
[a] Average of kg (lb) NH3 differences of each outlet from mean of 
outlets.
[b] Average of differences of each outlet from mean of outlets expressed 
as a percentage.
[c] Maximum difference = maximum outlet weight/minimum outlet 
weight.
[d] Values in each column within each rate followed by a different letter 
are significantly different at the α = 0.05 level.
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conventional and Vertical–Dam manifolds. At the 112–kg
N/ha (100–lb N/acre) application rate, there was no statistical
difference in distribution variability among these manifolds
or the Cold–flo.
Manifold pressure in the Vertical–Dam manifold during
operation was 70 to 140 kPa (10 to 20 psi) greater than in the
conventional manifold and averaged 35% of tank pressure. A
small amount of additional back pressure in the distribution
system was present because of the valve assembly required
for re–routing flow during field collection. Increased pres-
sure keeps more ammonia in the liquid form and such back
pressure may have been helpful in maintaining a greater
percentage of liquid for improved distribution of the
conventional and Vertical–Dam manifolds.
Because the Cold–flo canister was designed to separate
liquid and vapor ammonia at near zero gauge pressure inside
a large volume, back pressure, particularly at higher flow
rates, may have created more problems in achieving
liquid/vapor separation. In addition, the Cold–flo system
was designed for operation with 12.7–mm (0.5–in.) distribu-
tion hoses extending the shortest distance (i.e. unequal
length) from the distribution manifold downslope to the
distribution knife. Equal length hoses used with all manifolds
in the experiment or the collection buckets being at a higher
elevation than the knives may have affected flow in this low
pressure system and perhaps caused some of the distribution
problems encountered at the low and high application rates.
Distribution uniformity by the conventional manifold at
the higher flow rates was improved as compared to earlier
static tests (Reichenberger, 1994; Fee, 1997). Distribution
may have improved as the conventional manifold was
operated at higher pressures and had its interior volume more
nearly filled with liquid. Machine movement and vibration
may have increased turbulence and improved distribution. In
addition, the manifold body was cooled during preliminary
calibration of the equipment, and temperature was checked
before application to ensure that it had cooled to a typical
operating temperature.
Because of the weight and consequently larger thermal
mass of the Cold–flo manifold, longer operational times
were required between plots to cool the unit to permit more
ammonia to be cooled to a liquid at low pressure. Although
the manifold was operated at sub–zero degree Fahrenheit
temperatures,  just 71% of ammonia was captured as liquid.
For longer field operations in a steady–state condition, the
manufacturer claims approximately 85% of the ammonia is
applied as a liquid (i.e., virtually all heat energy to vaporize
liquid would come from ammonia itself).
VARIABILITY BY MANIFOLD REGION 
FOR DIFFERENT MANIFOLD TYPES
The average amounts of ammonia exiting outlet ports
across from, midway, and behind each manifold entry point
averaged over all applications for the conventional and
Vertical–Dam manifolds and the 112–kg/ha (100–lb/acre)
application for the Cold–flo system are shown in table 4.
Using all manifold data, statistically greater amounts of
ammonia exit outlets across from the entry (10 to 2 o’clock
positions in fig. 1), than from outlets behind the entry (4 to
8 o’clock positions in fig. 1). In addition, statistically greater
ammonia amounts exit outlets behind the entry than from
outlets midway between these points (2 to 4 o’clock and 8 to
10 o’clock positions in fig. 1). This test indicates that the
Table 4. Anhydrous ammonia output per outlet 
from different regions of the manifold.
Outlet Location from Entry Point into Manifold
Behind Midway Across
Treatment kg lb kg lb kg lb
Conventional 0.380b[a] 0.837b 0.338c 0.746c 0.470a 1.037a
Vertical–Dam 0.353b 0.778b 0.343b 0.756b 0.417a 0.920a
Cold–flo[b] 0.323 0.712 0.307 0.677 0.328 0.724
[a] Values in each row followed by a different letter are significantly 
different at the α = 0.05 level.
[b] 112 kg N/ha (100 lb N/acre) application rate only for Cold–flo 
system.
greatest amount of ammonia exits those outlet ports directly
impacted by the flow path from the entering flow. A lesser
amount of ammonia exits outlet ports receiving flow
rebounded from the initial impact back to the opposite side
of the manifold. The least amount of ammonia exits ports at
positions midway between these points with the plane of
outlet ports generally parallel to the incoming flow.
When data are separately analyzed by individual manifold
styles (table 4), the conventional manifold has significantly
different amounts of ammonia exiting all three regions within
the manifold. The Vertical–Dam manifold has significantly
greater ammonia flow exiting outlets across from the entry
than it does from outlets behind the entry or midway in
between.
It is interesting to note that although the conventional
manifold delivered statistically different amounts of flow to
these three exit regions while statistical difference for the
Vertical Dam manifold was only between the region across
from incoming flow and the rest of the manifold (table 4), the
conventional manifold did not always have the most
variability when individual flow to the 11 outlets (table 3)
was considered. This phenomenon indicates that with the
conventional manifold more of the variability can be
explained by the position of the outlet on the manifold
perimeter with respect to input flow. With the Vertical–Dam
and perhaps the Cold–flo manifold, a greater portion of the
variability is among individual outlets within each of the
perimeter regions (across, behind, midway) of the manifold.
MANIFOLD ENTRY
Results of the experiment to compare variability of
manifold outlet distribution due to entry method are shown
in table 5. It was hypothesized that ammonia flowing through
a section of straight pipe immediately before entering the
manifold might improve distribution. Ammonia distribution,
when using the 254–mm (10–in.) long straight entry pipe
nipple above the manifold, was not statistically different
from distribution using the 90°–elbow entry. Distribution
was not improved with the straight entry pipe.
Analyzing data from all 11 ports, there were statistical
differences in the amount of ammonia exiting individual
outlet port locations around the perimeter of the manifold. In
a separate analysis, output data from 9 of 11 ports were
divided into three groups of three outlets exclusively from a
single region (across, behind, midway) of the manifold to
determine if the output was statistically dissimilar (i.e., all
outlet ports within a group came from the same manifold
region). The nine ports selected were those ports most nearly
fitting the descriptions of across, behind, or midway when
incoming flow direction was considered. Outputs from
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Table 5. Anhydrous ammonia output variability from 
shank–to–shank on an 11–knife applicator.
Avg. Outlet
Difference, NH3[a]
Avg. %
Outlet Maximum
Coefficient
of Variation
Treatment kg lb Diff.[b] Diff.[c] (%)
84 kg/ha (75 lb/acre)
Elbow entry 0.127 0.281 19.6 2.16 25.3
Straight entry 0.107 0.235 18.0 2.20 24.7
168 kg/ha (150 lb/acre)
Elbow entry 0.054 0.118 10.2 1.62 13.5
Straight entry 0.078 0.171 12.8 1.63 15.9
[a] Average of kg (lb) NH3 differences of each outlet from mean of 
outlets.
[b] Average of differences of each outlet from mean of outlets expressed
as a percentage.
[c] Maximum difference = maximum outlet weight/minimum outlet 
weight.
various regions of the manifold were statistically different for
both entry methods (table 6). The range of flows from these
different manifold regions was lower when a straight entry
was used.
Because of the statistically different outputs from differ-
ent sections of the manifold perimeter, equipment operators
should consider staggering the connection positions of hoses
to adjacent shanks on the applicator to different sections on
the perimeter of the manifold. For example, the first shank’s
hose may be attached to an outlet in the “behind” section of
the manifold perimeter (behind the entry point with outlet
cross–section roughly perpendicular to and away from entry
flow). The second shank’s hose would be attached to an outlet
across from the entry point that is impacted roughly
perpendicularly  by the entry flow. The third shank’s hose
would be attached to an outlet in the section midway between
these points, and so forth.
PIPE TEE
When the ammonia outputs exiting from manifolds on
each side of the 25.4–mm (1–in.) pipe tee were compared to
each other, the total flows exiting the front and rear of the tee
were nearly identical. Averaged across all tests, 3.23 kg
(7.13 lb) of ammonia exited from the front side of the tee and
3.23 kg (7.12 lb) of ammonia exited from the rear side of the
tee. There were no statistical differences in flows exiting
either side of the tee regardless of application rate [84 kg or
168 kg N/ha (75 lb or 150 lb N/acre)] or which side of the
applicator (i.e. left or right manifold) received flow from
which tee exit (front or rear). In 12 independent runs made in
this experiment, the difference in flow between the two exits
ranged from 0.5 to 4.6% and averaged 2.4%.
A fewer number of outlet ports, 5 of the 14, were used on
each manifold in this pipe tee experiment. Statistical analysis
indicated a difference in the outputs from the five outlet
Table 6. Anhydrous ammonia output per outlet from different 
regions of the manifold (11–ports, entry experiment).
Outlet Location from Entry Point into Manifold
Behind Midway Across
Treatment kg lb kg lb kg lb
Elbow entry 0.531b[a] 1.17b 0.513b 1.13b 0.730a 1.61a
Straight entry 0.653a 1.44a 0.517b 1.14b 0.662a 1.46a
[a] Values in each row followed by a different letter are significantly 
different at the α = 0.05 level.
Table 7. Anhydrous ammonia output per outlet from different 
regions of the manifold (5–ports, tee experiment).
Outlet Location from Entry Point into Manifold
Behind Midway Across
Treatment kg lb kg lb kg lb
Left manifold 0.640a[a] 1.41a 0.612b 1.35b 0.640a 1.41a
Right manifold 0.553b 1.22b 0.553b 1.22b 0.771a 1.70a
[a] Average of 84– and 168–kg/ha (75– and 150–lb/acre) application 
rates with tee outlets alternately attached to manifolds on the left and 
right sides of the applicator. Values in each row followed by a 
different letter are significantly different at the α = 0.05 level.
ports. A check was made of outlet port variability from
different regions of the manifold by selecting a single outlet
from among the five outlet ports that was most nearly across,
behind, or midway from the elbow entry point into the
manifold. Although the range of output from manifold
regions was less for the left manifold, both manifolds had
statistically  greater ammonia output from ports across from
the entry than from midway ports (table 7).
KNIFE FLOW
Prior to testing, it was noted that several knives from one
of the new sets (E) had a residual burr from shear cutting at
the bottom of the outlet tube. This set was tested both before
(Eb) and after (E) removing burrs. During clean out with a
wire of the used knives, insect webs, old insect cocoons, and
in one case a live insect larva, were removed from the
fertilizer tube. Orifices on some of the used knives were
enlarged due to wear, and in a few cases appeared to be two
to five times larger than the original orifice. Some fertilizer
tubes on used knives were dented on the rear, and a few
appeared to be bent from use. Inspecting orifices and tubes,
knives within an individual set appeared to be all of the same
style with the exception of one knife of set F and three knives
of set I. Although all knives in set I were removed from a
single applicator, visual inspection indicated that some
knives within the set had one rather than two orifices
(table 1). A third of the knives in set F had a beaver tail for
soil sealing.
For each knife style tested, the number of knives, mean,
and coefficient of variation for that knife style are listed in
table 8. Also listed are the highest and lowest outputs for
individual knives within that group and the ratio of these
outputs shown as the maximum difference. The mean output
at 34 kPa (5 psi) for the 17 knife styles and conditions tested
ranged from 1.06– to 3.20–kg (2.33– to 7.05–lb) water for
10 seconds. One knife was apparently plugged and did not
produce any water flow at pressures of up to 69 kPa (10 psi).
Excluding this knife, the output of individual knives ranged
from 0.73– to 3.36–kg (1.62– to 7.40–lb) water. Although
two sets of new knives (O and D) had the lowest coefficients
of variation, two other new sets (E and Eb) had coefficients
of variation greater than several used sets. Within a given
knife style, it was not uncommon that flow rate from one
knife would be 1.5 to 2 times the flow rate from another knife.
Within a set, output variation as determined by the maximum
difference between knives ranged 10% or less for two of the
new knife sets (D and O); however much greater variation,
129 and 93%, respectively, was observed for new sets E and
Eb. The coefficient of variation of used set I (actually
composed of three different types of knives) tended to be
lower than of that of several other used sets. This test of used
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Table 8. Water output at 34 kPa (5 psi) for various styles of anhydrous ammonia knives.
Range
Knife No. of Mean Coefficient of High Low Maximum
Style Knives (kg/10 s) (lb/10 s) Variation (%) (kg/10 s) (lb/10 s) (kg/10 s) (lb/10 s) Difference
A 5 2.82 5.03 15.0 2.52 5.56 1.69 3.72 1.49
B 5 2.07 4.57 7.5 2.26 4.98 1.86 4.11 1.21
C 7 1.51 3.33 23.1 1.98 4.36 0.89 1.96 2.22
D 9 2.34 5.16 3.0 2.46 5.42 2.24 4.94 1.10
E 9 1.85 4.07 22.7 2.15 4.74 0.94 2.07 2.29
Eb 9 1.10 2.42 23.1 1.44 3.17 0.74 1.64 1.93
F 9 1.45 3.20 15.1 1.79 3.95 1.17 2.57 1.53
G 8 1.27 2.81 54.2 1.88 4.15 0.00 0.00 –––––
H 4 1.88 4.14 9.7 2.13 4.69 1.70 3.75 1.25
I 9 1.90 4.18 13.9 2.30 5.07 1.37 3.02 1.68
J 6 1.50 3.31 9.3 1.68 3.70 1.32 2.90 1.27
K 2 1.61 3.56 15.5 1.79 3.95 1.44 3.17 1.25
L 1 1.06 2.33
M 1 2.34 5.15
N 1 3.12 6.88
O 9 3.20 7.05 2.4 3.36 7.40 3.10 6.84 1.08
P 2 1.35 2.97 64.4 1.96 4.32 0.73 1.62 2.67
knives indicates that although there is probably an advantage
to matching used knife sets, wear over time may cause
additional variability. In particular, the orifices of set G
appeared to have the greatest wear and had the greatest
coefficient of variation for sets with five or more knives.
Among individual knife sets, set K was a new and used
knife of the same manufacturer/model. Greater output was
obtained from the new knife. Knives of set J were from the
same manufacturer/model as set K, however they were all
used and in place of a vapor tube, a dry fertilizer tube was
attached to the ammonia tube.
For the 11 knife styles in which five or more knives were
available for testing, statistical confidence intervals were
determined using the pooled variance for all knives tested.
The lower and upper limits listed in table 9 represent the
lowest and highest outputs expected from that group of
knives 95% of the time. All four sets of new knives had
distinctly different flow rates, decreasing in the order of O,
D, E, and Eb. New style Eb had lower output than most other
styles. Although there was considerable variability in knife
set E after deburring (c.v. = 22.7%, table 8), output rate
clearly was increased following removal of burrs from this
set. After burr removal, style E had output flow similar to
Table 9. 95% confidence interval for water output kg (lb) per 10 s 
at 34 kPa (5 psi) of various styles of anhydrous ammonia knives.
95% Confidence Interval
Knife No. of Mean Lower Limit Upper Limit
Style Knives kg lb kg lb kg lb
A 5 2.82 5.03 1.99 4.38 2.58 5.68
B 5 2.07 4.57 1.78 3.92 2.37 5.22
C 7 1.51 3.33 1.26 2.78 1.76 3.88
D 9 2.34 5.16 2.12 4.67 2.56 5.64
E 9 1.85 4.07 1.62 3.58 2.06 4.55
Eb 9 1.10 2.42 0.88 1.94 1.32 2.91
F 9 1.45 3.20 1.23 2.71 1.67 3.68
G 8 1.27 2.81 1.04 2.29 1.51 3.32
I 9 1.90 4.18 1.68 3.70 2.12 4.67
J 6 1.50 3.31 1.23 2.72 1.77 3.90
O 9 3.20 7.05 2.98 6.56 3.42 7.53
most of the used styles. Output from used knives generally
fell into two classes with knife styles A, B, and I having
output greater than from styles C, F, G, and J. New style D had
output flow similar to used styles A, B, and I.
Considering the new knife sets, flow rate uniformity was
better for styles D and O than styles E and Eb. Unless
specified by the manufacturer, flow rate uniformity cannot be
determined by the operator until after knives have been
tested. Anhydrous ammonia knives have other important
features such as fertilizer release point, soil disturbance and
sealing, and resistance to wear. Knife style E/Eb had a
narrower profile than other new knives and may have
different soil disturbance and soil sealing characteristics.
Because water was used for testing flow rates rather than
anhydrous ammonia, it is not possible to directly predict the
rate and variability of ammonia output of the knives from
these data. Ammonia output would be a mixture of liquid and
gas. Although water flow rates for 10 seconds typically
ranged from one to 3 kg (2 to 7 lb), typical ammonia flow
rates through a knife for 10 seconds are only about one–tenth
this amount by weight. The volume of ammonia exiting the
knife may be predominantly gaseous, however, and corre-
spond to the observed range of 0.9 to 3.4 L (0.2 to 0.9 gal) of
water flowing out the knife in 10 seconds.
SUMMARY
Three manifold designs were tested during field opera-
tions at each of three application rates. Data from this
experiment indicate that at a 56–kg N/ha (50–lb N/acre)
application rate, the Vertical–Dam manifold had less vari-
ability than the conventional manifold. At application rates
of 112 and 168 kg N/ha (100 and 150 lb N/acre) there was
little difference in variability between the conventional and
Vertical–Dam manifolds. At the 112–kg N/ha (100–lb
N/acre) application rate, there was little difference in
distribution variability among these manifolds or the Cold–
flo. Ammonia exiting individual outlet ports was typically
10 to 20% from the mean application rate with highest port
flow 150 to 250% of lowest port flow.
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Statistically, the greatest amounts of ammonia exited from
manifold outlets across from the entry point in–line with the
initial flow path of ammonia into the manifold. The next
greatest amount of ammonia exited outlets on the opposite
side of the manifold that may be receiving flow rebounded
from the initial impact inside the manifold. The least amount
of ammonia exited outlets between these points. Using a
straight–entry pipe attached above the conventional man-
ifold did not improve distribution over that of a 90°–elbow
pipe entry at application rates of 84 and 168 kg N/ha (75 and
150 lb N/acre). Because statistically different rates flowed
from different regions, it is recommended that distribution
hoses to adjacent shanks be attached to different regions of
these manifolds (i.e. behind the entry point, across from the
entry point, and midway between these points). A 25.4–mm
(1–in.) pipe tee divides flow rather evenly (average flow
difference was 2.4%) when supplying ammonia to two
identical manifold delivery systems.
Different knife styles (tested new) have different flow
rates when water was used for the test. Although some knife
styles tested new had lower flow rate variability than knife
styles tested used, other styles tested new had variability
similar to knife styles tested used. To be prudent, knives,
particularly new ones, should be carefully inspected and
matched on the applicator.
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